ABSTRACT
Seven years after the publication of the first genome sequence of a free-living organism (Fleischmann et al., 1995) , more than one hundred microbial genomes have been complete sequenced (http://www.ncbi.nlm.nih.gov/ PMGifs/Genomes/micr.html), as well as the genome sequences of several multi-cellular organisms. All of these data create striking opportunities for systematic cross-species sequence comparisons to decipher various aspects of the genomes: identify the coding regions, characterize the regulatory elements, compare the metabolic pathways, or even reconstruct the history of the evolution of those genomes (Hood et al., 1995) .
To seize the opportunity, visualization and analysis tools are needed to handle the sequence data, perform largescale alignment and present related information in a comprehensive, comprehensible and mostly, interactive manner to a biologist for interpretation. However, alignment programs often generate text files, which can be intuitively difficult for most biologists to interpret especially when comparing complete genomes.
ACGT is a DNA sequence visualization and analysis tool, which aligns and compares pairs of genomic sequences with homology. It facilitates comparative genomics analyses. ACGT is designed for viewing very large scale genomic sequence comparisons, with a special interface displaying an enriched graphical representation of sequence data and derived comparisons (Fig. 1) .
Generally, ACGT reads two user-supplied sequence * To whom correspondence should be addressed.
files in GenBank, Embl and/or Fasta formats. It can readily generate a comparison (CMP) file containing annotations of conserved regions between two sequences by calling two external programs: BLASTN and MSPcrunch (Sonnhammer and Durbin, 1994) . Moreover, users can also input another kind of CMP file (called type II), which contains a list of all ortholog gene pairs between two annotated genomic sequences. CMP files can be easily created and edited using some spreadsheet software like MS Excel. Conserved regions, attached by thin lines colored by the orientations of the corresponding regions, are shown in red boxes with different heights in proportion to their alignment scores. Similarity thresholds are adjustable, as well as the minimal number of genes and the number of allowed gene gaps, if a type II CMP file is imported. Conserved regions in pairs of sequences may reflect conserved exons, control elements or other important homological features. Accordingly, logical insights of the sequences can be obtained quickly at a glance on the graphics interface. ACGT also provides zoom-in/zoomout functionality and allows viewing and selecting any subregions at different scales. Selected subregions can be subjected for further analysis (e.g. Smith-Waterman). ACGT can execute a variety of external analysis programs; through system calls; the resulting outputs are stored in an internal database and then integrated into the pictorial representations. With real time capabilities, users can redo alignments of any pair of interested regions no matter whether they are in the CMP file or not.
There are some other programs that may be functionally overlapped with ACGT, such as ACT (http://www.sanger.ac.uk/Software/ACT/), PipMaker , VISTA (Mayor et al., 2000) etc. ACGT is most similar to Alfresco (Jareborg and Durbin, 2000) but has several unique features, including more capacity to show ortholog gene clusters, helpful for understanding genome organization and evolution. ACGT is developed using the Java programming language, which provides platform independence. It requires JAVA 1.4 (http://java.sun. com/j2se/1.4/) and also the latest version (1.21) of BioJava (http://www.biojava.org/). It has been tested on Unix, Linux and Microsoft Windows as a standalone program. ACGT runs considerably faster when dealing with a pair of ∼2 MB long genomic sequences on a typical PC box. So it is an ideal tool to be used on comparison of two moderately large bacterial genomes.
